In continuation of our work related to the identification of pyridazinone derivatives as Angiotensin Converting Enzyme (ACE) inhibitors, we report herein the molecular modelling studies and ACE inhibitory activity of some 4-benzylidene-2-substitutedbenzoyl-6-phenyl-4,5-dihydropyridazin-3(2H)-one s(3a-3l). These compounds were prepared by the reaction of 2-(2-substitutedbenzoyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-ones (2a-2l) with benzaldehyde. Molecular docking studies were carried out to determine the most active inhibitor of the Angiotensin Converting Enzyme (ACE). The compound (3a) was identified as the most active inhibitor of the ACE. The in vitro enzymatic ACE inhibitory activity of the compound (3a) using Dojindo ACE Kit-WST test kit revealed that the compound (3a) had IC 50 value of 4.40 ìg/mL, wherein the standard drug Lisinopril had IC 50 value of 0.99 ìg/mL. The comparison of the binding pattern of Lisinopril and the compound (3a) with the active sites of the ACE enzyme revealed that the incorporation of free amino groups and//or free carboxylic acid groups in the chemical structure of the compounds (3a-3l) may provide more active and potent ACE inhibitors.
Hypertension has become a major public health problem worldwide, including in the Kingdom of Saudi Arabia. [1] [2] [3] [4] The life expectancy of the public is also increasing because of the development of new technologies and drugs. [2] [3] [4] Accordingly, the burden of uncontrolled hypertension will also pose major problems on the health care system. Therefore, there is a need for more research in the field of hypertension. 5, 6 The 6-phenyl-4,5-dihydropyridain-3(2H)-one template has been reported to possess antihypertensive activity and many of its derivatives are either in clinical use or have been tested in clinical trials 7 . Some of these pyridazinone derivatives were not found suitable for further development because of their side effects and low potency. 7 Angiotensin Converting Enzyme (ACE) is an enzyme that is implicated in the pathogenesis of hypertension and many inhibitors of this enzyme are also in the market for the treatment of hypertension. 8 Keeping this in mind, and in continuation of our work related to the identification of pyridazinone derivatives as Angiotensin Converting Enzyme (ACE) inhibitors 7 , we report herein the molecular modelling studies and ACE inhibitory activity of some 4-benzylidene-2-substituted benzoyl-6-phenyl-4,5-dihydropyridazin -3(2H)-ones (3a-3l).
MATERIAL S AND METHODS

General
All computations were performed on an Intel(R) Core(TM) i5-2400 CPU @ 3.10 GHz capacity processor with memory of 8 GB RAM running with the Window 7 operating system. Glide 5.9 implemented in the Maestro 9.4 software package (Schrodinger, LLC, New York, NY, 2013) was used for molecular modeling studies. Melting points were measured in open capillary tubes and are uncorrected. The Rf value of the compounds was determined by using a mixture of benzene and acetone (9:1).IR (KBr) spectra were recorded on a JASCO, FTIR-4 100 spectrophotometer. The 1 H-NMR and 13 C-NMR spectra were recorded on Bruker Ultrashield 500 Plus MHz spectrophotometer. All reagents used in the present work were of analytical grade. The standard drug Lisinopril used for the assessment of in vitro ACE inhibitory activity was procured from Sigma Aldrich, USA.
Preparation of the compounds
The compounds (2a-2l) and (3a-3l) were prepared according to the method provided in Figure 1 .
Preparation of 3-Benzoylpropionic acid (1)
It was prepared by the method provided in the literature. 3-Benzoylpropionic acid (1) (0.01 mole), 2-bromobenzohydrazide (0.01 mole), and ethanol (50 mL) were taken in a 100 mL round bottom flask. To this mixture sodium acetate (0.01 mole) was added and the mixture was refluxed for about 8 hours. The resulting mixture was reduced to half of its volume and then poured into the crushed ice. The solid separated was washed with water, and recrystallized from ethanol.
The compounds (2b-2l) were also prepared by similar method by reacting appropriate substituted benzohydrazides with 3-benzoylpropionic acid (1). Preparation of (4Z)-4-benzylidene-2-(2-bromobenzoyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-one (3a)
A mixture of 2-(2-bromobenzoyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-one (2a) (0.01 mole) and benzaldehyde (0.01 mole) was taken in a round bottom flask containing 25 mL of absolute ethanol. Piperidine (0.5 mL) was added to the mixture and it was refluxed for about 8 hours. The mixture was reduced to half of its volume and then poured into the crushed ice. The solid separated was washed with water, and recrystallized from ethanol.
The compounds (3b-3l) were also prepared by similar method by reacting appropriate 2 -( s u b s t i t u t e d b e n z o y l ) -6 -p h e n y l -4 , 5 -dihydropyridazin-3(2H)-ones with benzaldehyde.
Molecular Modelling Studies
The compounds (3a-3l) were subjected to their molecular modelling studies. Angiotensin Converting Enzyme (ACE) is an enzyme that is involved in the pathogenesis of hypertension. 8 The crystal structure of human Angiotensin Converting Enzyme (ACE) protein (PDB code: 1O86, Resolution -2.00 Å) was retrieved from Protein Data Bank (PDB) and was utilized for molecular modelling studies. 9 Protein was prepared with the Protein Preparation Wizard in Maestro using options: bond orders were assigned, hydrogen atoms were added, formal charges were treated and water molecules were deleted. The hydrogen bonding network was then optimized using the exhaustive sampling option and the protein was minimized to an RMSD limit from the starting structure of 0.3 Å using the Impref module of Impact with the OPLS_2005 force field. The prepared protein structure was used to generate Glide scoring grids for the subsequent docking calculations. Docking grids were generated with the default settings in Glide using the co-crystallized ligand to define the center of the grid box (20×20×20 Å). Default parameters were used and no constraints were included during grid generation. The three dimensional coordinates of the most active synthesized compound (3a) and lisinopril were generated using a Maestro module of Schrodinger. Ligands were prepared using LigPrep 2.6 with Epik 2.4 to expand protonation and tautomeric states at 7.0 ± 2.0 pH units and energy was minimized using the OPLS 2005 force field. The energy minimized ligands were docked to the protein structure using Glide XP docking since it incorporates structural and energetic information using the scoring function.
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Angiotensin Converting Enzyme Inhibitory Assay
The compound (3a) that showed highest ACE inhibitory activity according to the molecular modelling studies was subjected to ACE inhibitory assay using Dojindo ACE Kit-WST test kit, Dojindo Laboratories, Kumamoto, Japan. 11, 12 Briefly, The enzymatic reaction was initiated by the ACE and aminoacylase in the mixture containing 3HB-GGG (3-hydroxybutyrate glycylglycylglycine) and the ACE-inhibitor. The mixture was then incubated at 37 o C for 60 minutes. During this incubation, the substrate, 3HB-GGG, was enzymatically cut into 3HB-G and G-G and then 3HB and G. The yield of 3HB was monitored indirectly through formazan concentration, which was measured at 450 nm after 10 minute reaction at 25 o C. Testing procedures were run according to the manufacturer's instructions using a 96-well plate without modification, and the inhibition rate was calculated based on a comparison of the optical absorbance of samples-treated wells (5Ø4Ü5Ø'Ü), control wells (5Ø4Ü5ØPÜ), and blank wells (5Ø4Ü5ØOÜ). Absorbance was measured at 450 nm using the microplate reader Biotek-ELX800 (BioTek, Vermont, USA). Inhibition rates were calculated using the following equation. Inhibition rate (%) = [5Ø4Ü5ØPÜ-5Ø4Ü5Ø'Ü / 5Ø4Ü5ØPÜ" 5Ø4Ü5ØOÜ] × 100
Samples were suspected to inhibit the ACE activity, and therefore inhibit the formation of formazan. The more strongly inhibitory the activity of the samples, the less color appeared in the final solution.
Statistical analysis
All ACE inhibitory activity data are presented as mean ± standard deviation (SD, n = 3). The data were analyzed by one-way analysis of variance (ANOVA) with Dunnett's Multiple Comparison Test with respect to control group and standard groups using GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego California USA). The results were considered significantly different at p < 0.05. The IC 50 values were determined by linear regression calculator of GraphPad software.
RESULTS AND DISCUSSION
Chemistry
The physical constants of the synthesized compounds (2a-2l) and (3a-3l) are summarized in Table 1 .
The structures of the representative compounds 2a and 3a were confirmed on the basis of their IR, 
Molecular Modelling Studies
The molecular modelling studies revealed that almost all the functional groups of Lisinopril (docking score: -11.36; Figure 2 ) were occupied with either hydrogen bonding or other noncovalent lipophilic interactions and were important in exerting greater affinity towards ACE enzyme and ultimately ACE inhibitory activity. On the other hand, the compound (3a) (docking score: -6.54; Figure 3 ) was identified as the most active ACE inhibitor among the synthesized compounds. The compound (3b) (docking score: -5.29), compound (3c) (docking score: -4.68), compound (3d) (docking score: -5.06), compound (3e) (docking score: -5.44), compound (3f) (docking score: -4.44), compound (3g) (docking score: -5.87), compound (3h) (docking score: -5.93), compound (3i) (docking score: -5.07), compound (3j) (docking score: -4.60), compound (3k) (docking score: -3.41), and the compound (3l) (docking score: -4.14) also showed some ACE inhibitory activity. The ACE inhibitory activity of the compounds (3a-3l) by molecular docking score was not found significant when compared to the standard drug Lisinopril. In general terms, larger is the docking score in negative value, more is the active binding with the target receptor .e.g. active site of ACE.
Angiotensin Converting Enzyme Inhibitory Assay
Based on the molecular modelling results, the compound (3a) was selected for further in vitro ACE inhibitory assay using Dojindo ACE Kit-WST test kit, Dojindo Laboratories, Kumamoto, Japan. The docking score and the ACE inhibitory activity data of the compound (3a) with respect to the standard drug Lisinopril is provided in Table 2 .
The in vitro ACE inhibitory activity revealed that the compound (3a) had IC 50 value of 4.40 ìg/mL, wherein the standard drug Lisinopril had IC 50 value of 0.99 ìg/mL. These results were also supported by the results of molecular modelling, wherein it was evident that the compound (3a) (Figure 3 ) did not bind effectively with the active site of the ACE enzyme as compared to the standard drug Lisinopril (Figure 2 ). This may be due to the fact that the compound (3a) does not have free functional groups that aid in the binding with the active site of the ACE enzyme. It is possible that the incorporation of free amino groups and free carboxylic acid groups in the structure of the compounds (3a-3l) may provide better and more potent ACE inhibitors. This finding is in accordance to our previously reported work.
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CONCLUSION
Based on the molecular modelling results and the in vitro enzymatic ACE inhibitory activity data, it is evident that the chemical structures of the title compounds need to be modified in order to increase their potency as inhibitors of the ACE enzyme. The incorporation of free amino group and free carboxylic acid groups in the chemical structures of the title compounds is recommended. Accordingly, further studies are in progress in our laboratory.
